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Abstract 
Urban neighborhoods could represent an optimal scale for the implementation of innovative energy strategies. 
However, barriers at the economic, regulatory and administrative level are still present. In this framework, it is 
important to operate on three levels of the energy system: by reducing energy demand; by optimizing generation and 
management system, and by integrating local renewable energy sources. In recent years, as a result of an important 
agreement with the Italian Ministry of Environment, Lombardy Region has supported numerous measures for energy 
efficiency and renewable resources integration among its territory. The funding supported different actions such as 
improvements of the buildings envelope, substitution of old gas boilers for heat generation with more efficient 
components, integration of solar thermal systems in buildings, hydrogen and more sustainable mobility, and district 
heating plants, which present contribution concerns. About district heating the incentives were provided within two 
different calls: one aimed at the creation of plants and district heating networks and another for the extension of 
existing systems. Main aim of the research is to evaluate effects, effectiveness, pros and cons of the several calls for 
funding; to that end a methodology was developed in order to collect the data and elaborate representative energy, 
environmental and economic indicators. The most important characteristics, conditions and technical features of the 
considered plants are described in the present paper trying to provide information on the effectiveness of the 
supporting measures taken in order to orient future choices and to identify the most promising strategies and 
technologies for improving energy and environmental performances of communities. In particular present paper is 
related to 10 district heating plants: 6 are based on biomass and located in mountain areas, 3 are based on natural gas 
and located in urban areas, while the last is connected to the urban waste to energy plant.  
One of the important lesson is learned is that district heating (fuelled by biomass, fossil, waste and CHP or not) 
represents an innovative field of knowledge far from standard: in general each plant has to be evaluated on the basis 
of specify characteristics and it is very hard to find out average performances from the environmental and economic 
point of view.  
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The results obtained during the monitoring campaign could help in providing information on the effectiveness of the 
supporting measures adopted and also to orient future choices by Lombardy Region and, in particular, to identify the 
most promising technologies for improving energy and environmental performances of communities and to develop a 
model for the optimization of energy use in the built environment. 
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1. Introduction  
Nowadays renewable sources and high efficient cogeneration are destined to cover a fundamental role 
in the future since they can contribute to reduce dependence on fossil fuels and greenhouse gases (GHG) 
emissions. 
In Italy district heating networks and distributed generation systems are constantly increasing and this 
could drastically change the behavior of people and the relationship with the territory [1]. 
This article we will deals in particular with district heating systems. In 2010 in Italy, there were 442 
district heating plants with a total capacity of 2371 MWe, 3617 MWt and 32.3 MWf; presently the most 
part of these plants is fuelled by fossil fuels, in fact natural gas is feed in the 74% of the plants, urban 
waste in the 7.9% and biomass in the 5.2%. Renewable sources have increased from 3% in 1993 to 14% 
in 2009. The district heating in Italy is mainly distributed in the north of country with an important 
diffusion in Lombardy Region, where biomass and waste have an installed capacity of 525 MW [2]. 
Looking at the available data, it is possible to argue that the diffusion of district heating in Italy is 
constantly increasing despite of the many barriers related to the regulatory, administrative and economic 
difficulties. In this framework supporting measures play of course a fundamental role [3,4]; another 
important help for their further development and upgrading can come from the availability of 
methodology and tools for supporting energy policies at large scale and also from the coordination among 
policy and technological aspects. 
2.  Recent supporting measures in the Lombardy Region: district heating 
In recent years, the Italian Ministry of Environment in collaboration with the administration of 
Lombardy Region has developed several measures for energy efficiency and local renewable integration 
in the regional territory, within the so-called Framework Programme Agreement on Energy and 
Environment. Public support has consisted in the provision of grants to finance companies and private, on 
the basis of a public selection. These measures are related to the diffusion or the upgrading of district 
heating systems, the installation of solar thermal systems in the built environment, the improvement of 
energy efficiency of envelopes and heating systems in buildings and other smaller actions in the field of 
sustainable mobility. 
In this paper first results of the monitoring campaign of district heating plants are presented. This item 
represent the measure with the most important impact in terms of energy policy at large scale and 
infrastructural efforts. It should be noted that due to the complexity of the information collection, some 
data may be subject to future updates. 
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As a whole Lombardy is a high density populated region, with many important urban areas (Milan and 
so on). Its built environment is very complex with an important presence of all the sectors: residential, 
commercial, industrial and urban structures. Lombardy has a large flat land but also many mountain areas, 
a rather cold climate during winter and a hot and humid climate during summer, especially in the flat land. 
All these characteristics go well with the idea of district heating and then can justify the decision to offer 
public support for these interventions characterized by significant investment costs.  
About district heating the incentives were provided both for the creation of new plants and district 
heating networks and for the extension of existing systems. Further the calls promoted both biomass 
plants and fossil fuelled plants. The first call dates back to year 1999, while the second one to year 2004. 
As result of the above mentioned incentive measures the district heating plants powered by fossil fuels or 
urban waste that passed the selection received a contribution equal to the 20-30% of the maximum 
allowable investment costs, while the biomass plants received a contribution equal to the 40% of the 
maximum allowable investment costs. The selection of the eligible plants was carried out on the basis of a 
basic evaluation of the overall performance of the project during the pre-design phase, while the 
incentives were given after a documented verification of the works.  
Considering the complexity related to the realization of the mentioned plants, it happens that till now 
not all the funded interventions are concluded; in the following the paper will refer only to concluded 
procedures. Definitively the paper deals with 10 district heating plants: 6 powered by biomass (wood 
chips) and other 4 plants powered by fossil fuels or urban waste.  
Following biomass plants, located in mountain areas and in the municipalities without natural gas 
network, were taken into account: Ponte di Legno, Tirano, Sellero, Valfurva, Collio and Sedrina. While 
the urban district heating plants were taken into account: Voghera, Breno, Milano-Famagosta and Milano-
Gallaratese. All systems described above have a cogeneration system with the exception of biomass 
district heating located in Ponte di Legno and Valfurva. These four urban district heating plants are 
powered by fossil fuels except the Milano-Gallaratese that is a urban waste typology.  
The location of the mentioned plants is shown in Fig. 1 [5]. 
As a result the total power of about 224 MWth and 87 MWel were installed. The sum of all the 
investment costs amounted to 128.315 M€; the 16% of those costs was financed within the Programme. In 
particular, 78.65 MWth and 9.3 MWel are the thermal and electric power of the plants powered by 
biomass, while 145.45 MWth and 77.4 MWel are the thermal and electric power of the plants powered by 
natural gas or heat from waste to energy in urban areas. For biomass district heating, globally 77.621 M€ 
with a total incentive of 12.167 M€ were spent, while for urban systems, globally 50.695 M€ with a total 
incentive of 7.318 M€ were spent. 
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Biomass plants: 
 
 
1. Ponte di Legno 
2. Tirano 
3. Sellero 
4. Valfurva 
5. Collio 
6. Sedrina 
 
 
Urban plants: 
 
7. Voghera 
8. Breno 
9. Milano-Famagosta 
10. Milano-Gallaratese 
Fig. 1. Identification of the location of district heating systems analyzed 
3. Methodology 
The first step of the work was the collection of data obtained by Lombardy Region, that managed the 
calls, and then by the managers of the plants and by technical literature. 
The main information were then organized in a database in order to make accessible all the data 
necessary for further analyses, and especially to address future energy local policies. By this first analysis, 
it was possible to investigate the main characteristics of the plants (heat generation, thermal grid, 
electricity generation, sources of primary energy etc.) and of the related natural and built environment. In 
particular economic, energy and environmental data were analyzed in depth. Starting from data collected, 
a set of parameters was put in evidence and compared as shown in Table 1. 
Table 1. Organization of the main data for all the plants grouped by energy, context, thermal grid and economic parameters 
Energy parameters Context parameters Thermal grid parameters  Economic parameters 
Fuels  Degree days Length Initial budget  
Thermal power Flat/mountain area Number of substations Total investment  
Heat generation Heated volume Thermal power  Incentive  
Heat to users  Number and type of users  Operation costs 
Electric power   Costs of energies  
Electricity generation    
Electricity auto-consumed    
Electricity to the grid    
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Consequently a set of interesting indicators were calculated and compared; the most significant are 
shown in Table 2. 
Table 2. Organization of the indicators for all plants, subdivided in energy, economic and environmental data 
Energy indicators Economic indicators  Environmental indicators  
Avoided fossil energy per year Net present value Avoided CO2 per year 
Energy efficiencies Payback time Avoided NOx per year 
 Cost of the service for the users (heat and 
electricity) 
Avoided SO2 per year 
 
The preliminary results of the monitoring campaign are described in paragraphs 4. 
4. Preliminary results of the monitoring campaign  
Based on the identified parameters and indicators, a comparative framework on the main 
characteristics of the plants was drawn up in relation to: technical features, energy performance, 
environmental benefits, as summarized in the following Tables 3-6. 
 
Table 3. Description of the main technical data 
 Plant  Main fuel Total thermal 
power,(MW) 
(*) 
Main thermal 
power, (MW)      
(**) 
Electric power 
(cogeneration), 
(MW) 
1 Ponte di Legno biomass (wood chips) 18.0 10.0 - 
2 Tirano biomass (wood chips) 26.0 20.0 1.1 
3 Sellero biomass (wood chips) 18.3 11.4 2.6 
4 Valfurva biomass (wood chips) 18.0 12.0 - 
5 Collio biomass (wood chips) 18.7 12.9 2.8 
6 Sedrina biomass (wood chips) 18.8 12.4 2.8 
Total biomass plants  117.9 78.7 9.3 
7 Voghera natural gas 21.4 6.4 7.3 
8 Breno natural gas 8.0 1.1 0.8 
9 Milano-Famagosta natural gas 78.0 18.0 19.2 
10 Milano-Gallaratese heat from waste to energy 170.0 120.0 50.0 
Total urban plants  277.4 145.5 77.4 
TOTAL  395.2 224.1 86.7 
(*) Peak power included. 
(**)  For biomass plants, equal to biomass power. 
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Table 4. Heat and electricity energy data 
  Primary energy 
consumption, 
(GWh/y) (***) 
Heat 
generation, 
(GWh/y) 
Heat to users, 
(GWh/y) 
Electricity 
generation, 
(GWh/y) 
Electricity  to 
grid,       
(GWh/y) 
1 Ponte di Legno 6.9 6.5 5.9 - - 
2 Tirano 56.7 39.3 25.9 2.4 1.4 
3 Sellero 119.4 17.8 6.4 15.4 11.4 
4 Valfurva 10.4 9.8 8.8 - - 
5 Collio 108.7 11.8 4.2 15.3 11.8 
6 Sedrina 91.2 5.0 2.9 15.5 13.0 
Total biomass plants 393.3 90.2 54.1 48.6 37.6 
7 Voghera 80.0 21.5 15.8 27.2 25.4 
8 Breno 19.5 14.6 13.1 2.3 1.5 
9 Milano-Famagosta 177.0 149.1 136.9 11.4 7.5 
10 Milano-Gallaratese 222.3 88.9 81.2 - - 
Total urban plants 498.8 274.1 247.0 40.9 34.4 
TOTAL 892.0 364.3 301.1 89.5 71.9 
(***) For Milano-Gallaratese primary energy was estimated on the basis of the technical literature related to waste 
to energy plants and assuming the heat collected to the district heating as waste heat. 
Table 5. Energy and environmental indicators 
  Avoided fossil 
primary energy, 
(GWh/y) 
Avoided CO2 
emissions, 
(t/y) 
Avoided NOx 
emissions, 
(t/y) 
Avoided SO2 
emissions, 
(t/y) 
1 Ponte di Legno 7.3 1834.0 -0.53 2.42 
2 Tirano 37.4 9703.1 -9.61 11.77 
3 Sellero 30.3 6040.2 -29.35 1.58 
4 Valfurva 11.7 3448.2 -0.65 4.34 
5 Collio 28.1 5919.8 -27.87 0.63 
6 Sedrina 29.0 5977.8 -23.07 0.30 
Total biomass plants 143.8 32923.0 -91.1 21.0 
7 Voghera -9.3 -1861.0 -43.18 -0.03 
8 Breno -0.1 -26.5 -3.69 -0.03 
9 Milano-Famagosta 9.2 2036.2 -15.68 2.41 
10 Milano-Gallaratese (****) 101.5 - - - 
Total urban plants 101.2 148.7 -62.6 2.4 
TOTAL 245.1 33071.7 -153.6 23.4 
(****) For Milano-Gallaratese primary energy was estimated on the basis of the technical literature related to waste to 
energy plants. As conservative assumption, avoided emissions were not taken into account in this analysis. 
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Avoided fossil primary energy and emissions were calculated on the basis of the comparison of the 
scenario before the realization of the plant to the present scenario (first year of full operation of each 
plant). The calculations take into account the thermal and electric energy efficiency and the emission 
factors related to Lombardy Region for the year 2005 [6,7]. 
On the basis of the preliminary results, it is possible to argue that the penetration of biomass district 
heating plants, fuelled by local renewable sources, can bring important benefit in terms of energy and 
environmental performance. Better results are in general achieved when small cogeneration modules are 
included in the plant, the only negative aspect is related to slightly more NOx emissions, but is has to be 
stressed that this problem is more severe in urban areas than in mountain areas where conversely biomass 
plants are located. 
The penetration of urban district heating plants is more controversial and has to be evaluated case by 
case. Nevertheless looking at the global results interesting benefits can be achieved for all the indicators 
mentioned in Table 6. 
Table 6. Thermal and electric gross efficiency (calculated on the basis of the available data without taking into account the 
improvements of the plants and of the networks during the entire useful life) 
  Gross thermal 
efficiency 
(%) 
Gross electric 
efficiency 
(%) 
1 Ponte di Legno 95 - 
2 Tirano 69 4 
3 Sellero 15 13 
4 Valfurva 94 - 
5 Collio 11 14 
6 Sedrina 5 17 
7 Voghera 27 34 
8 Breno 75 12 
9 Milano-Famagosta 84 6 
10 Milano-Gallaratese (*****) 40 - 
(*****) Value estimated on the basis of technical literature. 
 
In some cases, a very low thermal efficiency means that the CHP (Combined Heat and Power) system 
is electric driven. In these cases, the most part of heat is lost because there are no sufficient users able to 
consume the generated heat. Of course important improvements of their performances can be achieved 
due to further implementations in the future. 
4.1. Economic and environmental analysis  
A preliminary economic evaluation was carried out taking into account the NPV (Net Present Value) 
methodology. The NPV is calculated by estimating the cash flows based on annual costs and revenues. 
While conscious of the relevant differences and peculiarities that can be evidenced case by case, a first 
draft evaluation was carried out in order to compare all the plants in a uniform way. To that end main 
average economic parameters were assumed in the evaluation as reported in Table 7. 
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The first results of the analysis are shown in Figure 2 and 3, where NPV data are normalized per total 
power of the plants.  
Table 7. Economic parameters assumed for NPV analysis   
Parameters for NPV analysis (%) 
Market interest rate 4.00 
Annual rate of growth in energy (electricity and thermal price) [8] 5.00 
Annual rate of growth of oil price [8] 5.00 
Annual rate of growth of natural gas price [8] 3.00 
Maintenance cost as percentage of initial investment 3.00 
Cost of energy for NPV analysis (€/kWh) 
Electricity [9] 0.075 
Natural gas [10] 0.051 
Oil [11] 0.070 
Biomass [12] 0.014 
Energy generation: Biomass [13] - Urban plant [9] 0.097 – 0.075 
Electricity generation [9] 0.075 
Electricity generation by green certificates (only for biomass use, only for 15 years) [12] 0.129 
 
On the basis of parameters described in Table 4 and of actual data of heat and electricity generation, 
the calculation of the payback time leads to results of about 10 years for biomass CHP plants and of about  
20 years or more for district heating plants (Fig. 2). The same calculations for the urban district heating 
plants leads to a higher variability as shown in Fig. 3. In the case of Voghera, as verification also data 
derived from the yearly energy and economic balances were taken into account, but the payback time 
seems to be very high. 
 
 
Fig. 2. Trend of the NPV for biomass district heating 
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Fig. 3. Trend of the NPV for urban district heating 
 
5. Conclusions and developments 
The main finding related to the present paper is that district heating (fuelled by biomass, fossil, waste 
and CHP or not) represents an innovative field of knowledge far from standard: in general each plant has 
to be evaluated on the basis of specific characteristics and it is very difficult to find out average 
performances from the environmental and economic point of view.  
Furthermore, as previously mentioned, avoided fossil primary energy and emissions were calculated 
taking into account the thermal and electric energy efficiency and the emission factors related to 
Lombardy Region for the year 2005. This assumption in very conservative; if for instance the analysis had 
been made in reference to the national thermal and electric energy efficiency and emission factors the 
performance of the plants were much better.  
Observing the results obtained we can argue that biomass district heating (located in small 
communities on the mountains with cold climate) have, in general, smaller power if compared with the 
others (located in communities in plain urban areas), and they are also basically dedicated thermal 
generator while the other are often cogeneration plants or heat exchanger linked to existing waste to 
energy plants.  
From the first draft results it is possible to understand differences between biomass and urban district 
heating plants; in particular the last seem to be more efficient from the economic and financial point of 
view and for the needs of infrastructures. Further the design and realization of biomass plants seems to be 
in general more difficult than the other related to the urban cases. On the other hand, biomass district 
heating are powered by renewable resource locally available as it is possible to note from the fossil 
primary energy avoided for heat supplied to final users.  
In general it is important to underline that at this moment data collections and elaborations are in 
progress, therefore draft results partially summarized in this paper could be improved in the next future.  
Further it has to be stressed that district heating plants in general constantly evolve and increase during 
each year of their life. This configuration improves the overall efficiency and changing significantly their 
initial performance and features.  
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In the near future, this activity can be of great interest for the implementation of the information in the 
sector and to stimulus to increase diffusion of these technologies.  
As final consideration, the overall project of monitoring can be considered very helpful in providing 
information on the effectiveness of the supporting measures taken and also to orient future choices by 
Lombardy Region (but results can be easily extended to other regions) and, in particular, to identify the 
most promising technologies for improving energy and environmental performances of communities and 
to develop a model for the optimization of energy use in the built environment.  
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